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DESCRIPTION 

[TITLE OF THE INVENTION] WORKING MACHINE 
[TECHNICAL FIELD] 
[0001] 

5 The present invention relates to a working machine. 

[BACKGROUND ART] 
[0002] 

Conventionally, a wheel loader is known as a working machine. In a wheel 
loader, an attachment such as a bucket or the like is provided at an end of a boom pivoted 
10 on a vehicle body, and the boom is provided in a manner movable up and down by a boom 
cylinder, and the bucket is driven via a Z-bar link. 

The Z-bar link includes, as shown in Fig. 35, a bell crank 1 1 tumably pivoted on 
a substantially central portion of the boom 10, a tilt cylinder (refer to chain lines) 
connecting an end of the bell crank 1 1 and the vehicle body (not shown), and a cozmecting 
1 S link 1 3 for connecting the other end of the bell crank 1 1 and a back side of die bucket 20. 
[0003] 

Incidentally, in Fig. 35, the boom cylinder and the tilt cylinder are not shown to 
simplify the figure. In addition, aldiough the pivoted position Z of the tilt cylinder on the 
vehicle body (pivot position) is drawn on the boom 10 in the figure, die actual pivot 
20 position is on the vehicle body (not shown), not on the boom 10. In Fig. 35, postures of 
the bucket 20 at a groimd position, an intermediate position, and a top position are shown. 
[0004] 

In the wheel loader having such configuration, the bucket 20 is positioned close 
to the ground position to perform digging work, and to the intermediate position or the top 
25 position to dump onto a truck therefix>m. 

Besides the digging work, the wheel loader may be used to scoop mud, animal 
waste or the like. In this case, as shown in Fig. 36, the bucket 20 is tilted at the ground 
position so that the mud or the like having fluidity is not spilt, thereby efficiently 
perfomiing the scooping work. 



[0005] 

As the wheel loader, a wheel loader having improved angular characteristics , in 
which the pivot position of the tilt cylinder on the vehicle body is set at a prespecified 
position and thereby an attachment angle is kept substantially constant from the groimd 
position to the top position of the bucket is also known (for instance, Patent document 1). 

Movements in this configuration are simplifiedly drawn in Fig. 9. 

[0006] 

Further, there has been also known that the bell crank constituting the Z-bar link 
is tilted toward the attachment side (for instance. Patent docxmient 2). 

Concretely, as shown in Fig. 37 and Fig. 38, relative to a line LI connecting a 
pivot position Y on the boom 10 and a pivot position X on the coimecting link 13, a line 
L2 connecting a pivot position W on the tilt cylinder 12 and the pivot position Y of the 
bell crank 1 1 of the wheel loader is inclined toward the bucket 20 side. 

[0007] 

In addition, a wheel loader in which a fork is combined with the Z-bar link is also 
known (for instance. Patent document 3). 

As shown in Fig. 39, according to this wheel loader, the bucket 20 may be 
replaced with the fork 30, and when replacing, the tilt cylinder (not shovm) is a little 
extended so that the fork 30 can be attached; Namely, the extension amount of the tilt 
cylinder is, as shown in the chain double-dashed line, equivalent to an pfifset angle a of the 
bucket 20, and the fork 30 is attached to the connecting link 13 at this position. 

Accordingly, even in the wheel loader using the Z-bar link, the attachment angle 
from the ground position to the top position is kept substantially constant, where the angle 
characteristics is improved, so that work using the fork 30 can be performed. 

[0008] 

On {he other hand, as another configuration of the wheel loader, there is a parallel 
link type as shown in Fig. 40. In the parallel link configuration, a lower end of a tilt 
lever 19 (a lower end in the state shown in the figure) is pivoted on the boom 10, the 
connecting link 13 is attached so that an \xpptr end of the tilt lever 19 and a back side of 



the fork 30 are connected, and the tilt cylinder 12 is attached so that an intermediate 
portion of the tilt lever 19 and the vehicle body (refer to the chain double-dashed line) are 
connected, and thereby, the boom 10 and the connecting link 13 are disposed in parallel to 
each other. 

With the wheel loader using the parallel link, even when the boom 10 is rotated 
upward, since a posture of the fork 30 can be kept constant without changing the 
advancement and retraction amount of the tilt cylinder 12, transporting and 
lifting/unloading work of cargos can be stably performed. 

[0009] 

Patent document 1: Japanese Patent Laid-Open Publication No. HEJ 
11-343631 

Patent document 2: US Patent No. 4, 1 54,349; specification 
Patent document 3: Japanese Patent Laid-Open Publication No. SHO 
63-22499 

PISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 
[0010] 

In the wheel loader disclosed in Patent document 1, the angle characteristics of 
the bucket is improved by specifying the pivot position of the tilt cylinder on the vehicle 
body, bxit when the bucket is tilted at the ground position for scooping mud or the like 
with fluidity, if the bucket is lifted upward by rotating the boom, the attachment angle at 
the top position is considerably displaced toward the plus side (the other side of the 
dumping side), where the angle characteristics is not be kept, which is disadvantageous. 

[0011] 

This disadvantage also occurs not only in the conventional wheel loader shown in 
Fig. 35 in the same manner as shown in Fig. 36, but in the wheel loader of Patent 
document 2 shown in Fig. 37 in the same manner as shown in Fig. 38. Especially in the 
wheel loader disclosed in Patent document 2 (Fig. 37, Fig. 38), the tilt cylinder (refer to 
the chain line) is pivoted on the boom 10, which is different from other types of wheel 
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loaders, so that even when the boom 10 is rotated, a positional relation with the tilt 
cylinder does not change at all, therefore regardless of whether the bucket 20 is tilted at 
the groimd position or not, ttie attachment angle is considerably displaced toward the plus 
side while the bucket 20 is being lifted, resulting in that the mud or the like scooped into 
5 the bucket 20 is spilt onto the vehicle side badly as being lifted up to the top position. 
[0012] 

An object of the present invention (a first object of the present invention) is to 
provide a working machine that has improved angle characteristics both, in a case where a 
tilt cylinder is operated so that a bucket is horizontal at the ground position and where the 
10 bucket is tilted. 

[0013] 

Patent document 3 discloses that the fork 30 is attached to the Z^bar link, but the 
wheel loader using the Z-bar link is generally inferior in the tilting force characteristics at 
the top position compared with the wheel loader using the parallel link, and therefore the 
IS wheel loader using the Z-bar link is not suitable for performing lifting/unloading work of 
cargos (the tilting force characteristics is a tilting force of the tilt cylinder). 

Concretely, Fig. 41 shows the tilting force characteristics of the tilt cylinder 12 of 
the wheel loader using the conventional Z-bar link and using the parallel link. In the 
figure, the vertical axis indicates a lifting height (a height of the bucket 20 or the fork 30), 
20 while the horizontal axis indicates a tilting force thereof. 

[0014] 

It is understood from the figure that, in case of the wheel loader using the Z-bar 
link, the maximum tilting force is obtained at the ground position where the lifting height 
is small, so that the vsiieel loader using the Z-bar link is suitable for digging work using 
25 the bucket 20. On Ae other hand, in case of the wheel loader using the parallel link, it is 
understood that the tilting force does not decrease sharply from the ground position to the 
top position, so that the wheel loader using the parallel link is suitable for lifting/unloading 
work of cargos using tfie fork 30. 

Hence, in the technology disclosed in Patent document 3 where the fork 30 is 



5 



simply attached to the Z-bar link, no improvement in the tilting force characteristics is 
obtained, resulting that even if the bucket 20 is replaced with the fork 30 for performing 
lifting/unloading vsrork of cargos or the like, ihe tilting force is insufficient, so that actually 
the work can hardly be performed. 
5 [0015] 

Another object of the present invention (a second object of the present invention) 
is to provide a working machine in which even when a Z-bar link is used, a fork can be 
used by improving tilting force characteristics. 

[0016] 

10 Fig. 42 shows the angle characteristics of the conventional wheel loader using the 

Z-bar Imk (Fig. 35, Fig. 36) and of the wheel loader xising the parallel link (Fig. 40). In 
Fig. 42, the vertical axis indicates the lifting height thereof, while the horizontal axis 
indicates an attachment angle that represents horizontal displacement. The attachment 
angle is regarded to be zero degree at the position where the attachment is horizontally 

I S attached on the ground. 

As is clear from the figure, the wheel loader using the parallel link causes less 
changes in the attachment angle and is suitable for performing work with the fork 30 from 
which cargos should never fall. 
[0017] 

20 Conventionally, according to the features shown in Fig. 42 and above-described 

Fig. 41, the wheel loader having the Z-bar link and the bucket 20 in combination is 
generally used for digging work, while the wheel loader having the parallel link and the 
fork 30 in combination is generally used for lifting/unloading work, i.e. the two types of 
the wheel loaders are prepared and used depending on work type. 

25 [0018] 

However, it is not economical that the two types of the wheel loaders need to be 
prepared. Hence, as disclosed in Patent document 3, a wheel loader that can perform any 
type of work by exchanging the bucket 20 and the fork 30 is proposed, but there is a 
problem relating to the tilting force as described above. 



6 



According to Patent document 3, by offsetting the attachment position of the fork 
30 to the connecting link 13 relative to the case of the bucket 20, only the angle 
characteristics in the case where the fork 30 is attached is improved, so that the angle 
characteristics when using the bucket 20 is sacrificed. Namely, as shown in Fig. 39, 
5 when the boom 10 is rotated and moved to the top position with the bucket 20 attached, 
the bucket 20 is dumped more badly as reaching a higher position, representing a problem 
that the angle characteristics is very poor. 

[0019] 

Still another object of the present invention (a third object of the present 
10 invention) is, in addition to the above-described second object, to provide a working 
machine in which both of excellent characteristics of a Z-bar link and a parallel link can 
be obtained with a single link mechanism, where an attachment such as a bucket, a fork or 
the like can be appropriately selected for use. 

[0020] 

15 Incidentally, Patent document 1 only discloses that the angle characteristics of the 

bucket 20 is improved by adjusting the pivot position of the tilt cylinder 12, while Patent 
docxmient 2 only discloses the bell crank inclined toward the bucket side, where no 
description about replacing the bucket 20 with the fork 30 for use or the tilting force 
charact^istics is provided in Patent documents 1 and 2. 

20 [MEANS FOR SOLVING THE PROBLEMS] 
[0021] 

A working machine according to claim 1 of the present invention including: 
a boom of which one end is attached to a structural body supporting a work 
implement; 

25 a bucket or the like attached as an attachment to the other end of the boom; 

a bell crank attached to a middle position of the boom in a longitudinal direction 

thereof; 

a tilt cylinder for driving the bell crank; and 

a connecting link for connecting the bell crank and the bucket or the like, in 



which 

when the bucket or the like is ho]j2x>ntally at a ground position and a digging face 
of the bucket or the like is opposing to a ground surface, the tilt cylinder drives the bell 
crank on an upper end side thereof and the connecting link connects the bell crank to the 
bucket or the like on a lower end side of the bell crank; 

the tilt cylinder connects the bell crank and the structural body; and 

an angle between a first line segment connecting a pivot position on the boom 
and a pivot position on the connecting link of the bell crank and a second line segment 
connecting the pivot position on the boom and a pivot position on the tilt cylinder of the 
bell crank is set in a range from 0 degree to 1 80 degrees on the bucket or the like side. 

[0022] 

A working machine according to claim 2 of the present invention including: 
a boom of which one end is attached to a structural body supporting a work 
implement; 

a fork or the like attached as an attachment to the other end of the boom; 

a bell crank attached to a middle position of the boom in a longitudinal direction 

thereof; 

a tilt cylinder for driving the bell crank; and 

a connecting link for connecting the bell crank and flie fork or the like, in which 

when the fork or the like is horizontally at a ground position, tiie tilt cylinder 
drives the bell crank on an upper end side thereof and the connecting link connects the bell 
crank to the fork or the like on a lower end side of the bell crank; and 

an angle between a first line segment connecting a pivot position on the boom 
and a pivot position on the connecting link of the bell crank and a second line segment 
connecting the pivot position on the boom and a pivot position on the tilt cylinder of the 
bell crank is set in a range from 0 degree to 1 80 degrees on the fork or the like side. 

[0023] 

A working machine according to claim 3 of the present invention including: 

a boom of which one end is attached to a structural body supporting a work 
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implement; 

a fork or the like attached as an attachment to the other end of the boom; 

a bell crank attached to a middle position of the boom in a longitudinal direction 

thereof; 

5 a tilt cylinder for driving the bell crank; and 

a connecting link for connecting the bell crank and the fork or the like, in which 
when the fork or the like is horizontally at a ground position, the tilt cylinder 
drives the bell crank on an upper end side thereof and the connecting link connects the bell 
crank to the fork or the like on a lower end side of the bell crank; 
10 the tilt cylinder connects the bell crank and the structural body; and 

an angle between a first line segment connecting a pivot position on the boom 
and a pivot position on the connecting link of the bell crank and a second line segment 
connecting the pivot position on the boom and a pivot position on the tilt cylinder of the 
bell crank is set in a range from 0 degree to 1 80 degrees on the fork or the like side. 
15 [0024] 

A working machine according to claim 4 of the present invention including: 
a boom of which one end is attached to a structural body supporting a work 
implement; 

an attachment attached to the other end of the boom; 
20 a bell crank attached to a middle position of the boom in a longitudinal direction 

thereof, 

a tilt cylinder for driving the bell crank; and 

a connecting link for connecting the bell crank and the attachment, in which 
when the attachment is horizontally at a ground position, the tilt cylinder drives 
25 the bell crank on an upper end side thereof and the connecting link connects the bell crank 
to the attachment on a lower end side of the bell crank; 

an angle between a first line segment connecting a pivot position on the boom 
and a pivot position on the connecting link of the bell crank and a second line segment 
connecting the pivot position on the boom and a pivot position on the tilt cylinder of the 



bell crank is set in a range from 0 degree to 180 degrees on the attachment side; 
the attachment may be selected for use from a plurality of types; and 
each of the attachment that is different Scorn each other has a different pivot 

position on the coxmecting link relative to the pivot position on the boom as a reference 

point. 

[0025] 

A working machine according to claim S of the present invention including: 
a boom of which one end is attached to a structural body supporting a work 
implement; 

an attachment attached to the other end of the boom; 

a bell crank attached to a middle position of the boom in a longitudinal direction 

thereof; 

a tilt cylinder for driving the bell crank; and 

a connecting link for connecting the bell crank and the attachment, in which 
when the attachment is horizontally at a ground position, the tilt cylinder drives 

the bell crank on an upper end side thereof and the Connecting link connects the bell crank 

to the attachment on a lower end side of the bell crank; 

the tilt cylinder connects the bell crank and ihe structural body; 

an angle between a first line segment connecting a pivot position on the boom 

andi a pivot position on the connecting link of the bell crank and a second line segment 

connecting the pivot position on the boom and a pivot position on the tilt cylinder of the 

bell crank is set in a range from 0 degree to 1 80 degrees on the attachment side; 
the attachment may be selected for use from a plurality of types; and 
each of the attachment that is different from each other has a different pivot 

position on the connecting link relative to the pivot position on the boom as a reference 

point. 

[0026] 

A working machine according to claim 6 of the present invention is the working 
machine according to claim 1, claim 3, and claim in which the pivot position of the tilt 
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cylinder on the structural body is lower compared to the pivot position of the boom on the 
structural body. 

A working machine according to claim 7 of the present invention is the working 
machine according to any one of claims 1 to 6, in which the angle between the first line 
5 segment and the second line segment is set so that the angle is equal to or smaller than an 
angle at which absolute values of the attachment angles of the attachment are substantially 
equal to each other at any two positions from the groimd position to the top position of the 
attachment. 

[0027] 

10 A working machine according to claim 8 of the present invention is the working 

machine according to any one of claims 1 to 7, in which the angle between the first line 
segment and the second line segment is in a range firom 0 degree to 170 degrees. 

.A working machine according to claim 9 of the present invention is the working 
machine according to any one of claims 1 to 7, in which the angle between the first line 
1 5 segment and the second line segment is in a range from 1 70 degrees to 1 80 degrees. 
[EFFECT OF THE INVENTION] 
[0028] 

According to the working machine of claim 1, an end of the tilt cylinder is 
attached to a bell crank and the other end of the tilt cylinder is attached not to a boom but 

20 to a structural body supporting a work implement, and an angle formed by a first line 
segment and a second line segment of the bell crank is set in the range from 0 degree to 
1 80 degrees on the bucket or the like side so that the di^lacement of the attachment angle 
from the ground position to the top position in a horizontal or tilted posture of the bucket 
or the like on the ground position is smaller compared witii &at of the conventional 

25 configuration using the Z-bar link (Fig. 35, Fig. 36) or the configurations disclosed in 
Patent documents 1, 2 (Fig. 37, Fig. 38), thereby improving the angle characteristics. 

Therefore, the angle characteristics can be improved both in the case where the 
tilt cylinder is operated so that the bucket or the like is horizontal at the ground position 
and wiiere the bucket or the like is tilted, so that the first object of the present invention is 
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achieved. . 

[0029] 

According to the working machine of claim 2, the configuration using the 
so-called Z-bar link is employed, and since the angle formed by the first line segment and 
5 the second line segment of the bell crank is set in the range from 0 degree to 180 degrees 
on the fork or the like side, the ratio of an effective length in the upper portion of the bell 
crank between the ground position and the top position becomes larger, so that the tilting 
force at the top position becomes larger, where the tilting force characteristics is improved 
compared with the case of the technology disclosed in Patent document 3 in which the 
10 bucket is replaced with the fork by using the bell crank inclined toward the vehicle body 
side, and therefore the tilting force characteristics appropriate for use of the fork can be 
obtained. 

Thus, by improving the tilting force characteristics, the fork can be used, where 
the second object of the present invention can be achieved. 
15 [0030] 

According to the working machine of claim 3, in addition to the configuration of 
claim 2, since the tilt cylinder is disposed so that the bell crank and the structural body are 
connected, setting for reducing the displacement of the attachment angle of the fork or the 
like is allowed, thereby improving the angle characteristics, so that the angle 
20 characteristics more appropriate for use of the fork or the like can be obtained. 
[0031] 

According to the working machine of claim 4, each type of attachment has a 
different pivot position on the connecting link relative to the pivot position on the boom, 
and when the attachment is attached to the connecting link, for instance, at a position 
25 where the bell crank is rotated toward the tilting side, the pivot position is offset to the 
side apart firom the attachment, so that the tilting force at the top position is considerably 
increased. 

Further, as described in claim 2, by setting the angle formed by the first line 
segment and the second line segment of the bell crank in the range fi:om 0 degree to 180 
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degrees on the attachment side, the tilting force can be improved. Hence, for instance, 
when the fork or the Hke is attached at the ofifeet position in replacement of the bucket or 
the like, not only greater tilting force characteristics can be obtained on the top position 
side compared with that in the technology of Patent document 3, but also the tilting force 
5 characteristics equivalent to the conventional parallel link can be obtained during the use 
of the Z-bar link, so that the lifting/unloading work or the like can be properly performed. 
Thus, the second object can be achieved. 

When attaching the bucket or the like, since the bucket or the like is to be 
attached without offsetting, the tilting force characteristics on the ground position side is 
10 kept appropriate in a conventional manner, where the digging work or the like can be 
appropriately performed. 

[0032] 

Since the angle formed by the first line segment and the second line segment of 
the bell crank is set in the range firom 0 degree to 180 degrees, for instance, attaching the 

15 fork or the like at the of&et position at the ground position can be regarded as equivalent 
to attaching the bucket or the like in the tilted posture as described in claim 1, and even 
when compared with the case where the bucket or the like is attached without being ofiEset 
(tilted) at the groimd position, the difference in the angle characteristics firom the ground 
position to the top position of each case is small. 

20 Namely, in the cases of using the bucket or the like without offsetting and of 

attaching the fork or the like at the offset position, both angle characteristics are improved 
to a same level as the parallel link. Therefore, particularly in the case where the bucket 
or the like is attached, badly dumping does not occur at the top position unlike the case of - 
the technology in Patent document 3 . 

25 [0033] 

Consequentiy, the excellent characteristics of the Z-bar link and the parallel link 
can be obtained only by the Z-bar link, whjere the attachment can be appropriately selected 
from the bucket, the fork or the like for use, thereby achieving the third object of the 
present invention. 
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[0034] 

According to the working machine of claim S, in addition to the configuration of 
claim 4, the tilt cylinder is disposed so that the bell crank and the structural body are 
connected, setting for reducing the displacement of the attachment angle of the fork or the 
like firom the ground position to the top position is possible, thereby improving the angle 
characteristics. 

[0035] 

According to the working machine of claim 6, the angle characteristics of the 
attachment can be more improved by adding to the working machine described in claims 1, 
3, or 5 a configuration in which the pivot position of the tilt cylinder on the structural body 
is set lower than the pivot position of the boom on the structural body. 

[0036] 

According to the working machine of claim 7, when the bucket or the like is tilted 
for use at the ground position, the angle formed by the first line segment and the second 
line segment of the bell crank is to be set to a value so that, for instance, the displacement 
amount toward the dumping side (the displacement amount toward the plus side) of the 
bucket or the like at the intermediate position and the displacement toward the structural 
body side (the displacement amount toward the minus side) of the bucket or the like at the 
top position are equal (i.e. the absolute values of the attachment angles relative to the 
horizontal posture are equal), and tihereby there is no risk that the bucket or the like is 
considerably displaced toward the dumping side or the structural body side, where the 
scooping work of mud or the like can be appropriately performed. 

And when equal to or less than such angle between the first line segment and the 
second line segment of the bell crank, for instance, the displacement amount between two 
positions, the intermediate position and the top position for instance, becomes gradually 
smaller and the displacement amount toward the structural body at the top position also 
becomes smaller, so that the mud or the like is more hardly spilt at least on the operator 
side, thereby the scooping work or the like can be adequately performed. However, the 
selected two positions are not limited to the intermediate position and the top position. 
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[0037] 

According to the working machine of claim 8, by adding a configuration in which 
the angle between the first line segment and the second line segment of the bell crank is 
set in the range from 0 degree to 170 degrees on the attachment side, the angle 
characteristics and the tilting force characteristics can be assured with some surplus. 

According to the working machine of claim 9» by adding a configuration in which 
the angle between the first line segment and the second line segment of the bell crank is 
set to in the range firom 170 to 180 degrees on the attachment side, even when, relative to 
the pivot position of the fork or the like on the connecting link, the pivot position of the 
bucket or the like on the connecting link is set to an offset angle of 37 degrees or more in 
relation to the pivot position on the boom (the reference point), both of the fork or the like 
and the bucket or the like can be attached to the working machine. 
[BRIEF DESCRIPTION OF DRAWINGS] 

[0038] 

Fig. I is a side view showing a working machine according to a first embodiment 
of the present invention; 

Fig. 2 is a perspective view showing a primary portion of the working machine 
according to the first embodiment; 

Fig. 3 is a view for illustrating movements of the first embodiment; 

Fig. 4 is another view for illustrating the movements of the first embodiment; 

Fig. 5 is a graph showing angle characteristics of a conventional working 
machine and the working machine of the present invention; 

Fig. 6 is another graph for illustrating another mechanism of the first 
embodiment; 

Fig. 7 is a view for illustrating a maximum tilt angle of a bell crank of the first 
embodiment; 

Fig. 8 is another view for illustrating the maximum tilt angle of the bell crank of 
the first embodiment; 

Fig. 9 is still another view for illustrating an effect of the first embodiment; 



15 



Fig. 10 is a side view showing a working machine according to a second 
embodiment of the present invention; 

Fig. 11 is a view for illustrating a mechanism 6f the second embodiment; 

Fig. 12 is a graph for illustrating the mechanism of the second embodiment; 

Fig. 13 is a side view showing a working machine according to a third 
embodiment of the present invention; 

Fig. 14 is a view for illustrating movements of the working machine according to 
the third embodiment of the present invention; 

Fig. 15 is a view for illustrating the movements in an alternative way of the third 
embodiment; 

Fig. 16 is an enlarged view showing a primary portion of the third embodiment; 

Fig. 17 is a view for illustrating a mechanism of the third embodiment; 

Fig. 1 8 is a graph for illustrating the mechanism of the third embodiment 

Fig. 19 is another graph for illustrating an effect of tilting force characteristics of 
the third embodiment; 

Fig. 20 is still another graph showing angle characteristics of the third 
embodiment; 

Fig. 21 is further another graph showing the angle characteristics of the third 
embodiment; 

Fig. 22 is. still further graph showdng dump speed of the third embodiment; 
Fig. 23 is a view for illustrating movements of a working machine according to a 
fourth embodiment; 

Fig. 24 is another view for illustrating the movements of the working machine of 
the fourth embodiment; 

Fig. 25 is a graph showing angle characteristics of the fourth embodiment; 

Fig. 26 is another graph showing tilting force characteristics of the fourth 
embodiment; 

Fig. 27 is a view for illustrating movements of a working machine according to a 
fifth embodiment of the present invention; 
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Fig. 28 is another view for illustrating the movements of the fifth embodiment; 
Fig. 29 is a graph showing angle characteristics of the fifth embodiment; 
Fig. 30 is another graph showing tilting force characteristics of the fifth 
embodiment; 

Fig. 3 1 is a view showing a first modification of the present invention; 
Fig. 32 is another view showing a second modification of the present invention; 
Fig. 33 is further another view showing a third modification of the present 
invention; 

Fig. 34 is still further view showing a fourth modification of the present 
invention; 

Fig. 35 is a view for illustrating movements of a typical Z-bar link in the 
conventional technology; 

Fig. 36 is another view for illustrating the movements of the typical Z-bar link in 
the conventional technology; 

Fig. 37 is a view for illustrating movements of another working machine in the 
conventional technology; 

Fig. 38 is another view for illustrating the movements of the other working 
machine; 

Fig. 39 is further another view for illustrating movements of a further another 
working machine in the conventional technology; 

Fig. 40 is a view for illustrating movements of a typical parallel link in the 
conventional technology; 

Fig. 41 is a view showing tilting force characteristics of a working machine; and 

Fig. 42 is a view showing angle characteristics of a working machine. 
[EXPLANATION OF CODES] 

[0039] 

1, 2, 3, 4, 5: wheel loader as a working machine; 10: boom; 11: bell crank; 12: tilt 
cylinder; 13: connecting link; 16: vehicle body; 16A: structural body; 20: bucket (bucket 
or the like, attachment); 30: fork (fork or the like, attachment); LI: first line segment; L2: 
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second line segment; P, Q, S, W, X, Y, Z: pivot position 
[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0040] 
[First Embodiment] 

S A first embodiment according to the present invention will be described below 

with reference to the drawings. 

Fig. 1 is a side view showing an entire wheel loader (working machine) 1 
according to the present embodiment. Fig. 2 is a perspective view showing an appearance 
of a portion of a work implement of ib& wheel loader 1, and Figs. 3 and 4 are views each 
10 showing movements of a primary portion of the wheel loader. In each figure, the same 
reference numerals are assigned to the same components described in the backgroimd art. 
[0041] 

The wheel loader 1 has a self-traveling vehicle body 16 with front tires 14 and 
rear tires IS, a structural body 16A supporting the work implement including a bucket 20 
15 provided in front of in the vehicle body 16 (left side in the figure), a boom 10 for driving 
the bucket 20 and a liok mechanism of Z-bar link type. 

[0042] 

The boom 10 is pivoted on the structural body 16A at a base end thereof and 
driven by a boom cylinder 17, and the bucket (bucket or the like) 20 is pivoted on a front 
20 end of the boom 10. The link mechanism of Z-bar link type includes a dogleg-shaped 
bell crank 1 1 pivoted at a halfway position in a longitudinal direction of the boom 1 0, a tilt 
cylinder 12 for driving an upper end side of the bell crank 11 (upper end side when the 
bucket 20 is at a ground position), and a connecting link 13 for connecting a lower end 
side of the bell crank 1 1 and the bucket 20, in which the tilt cylinder 12 is attached so that 
25 the bell crank 1 1 and the structural body 16A are connected. 
[0043] 

In this configuration, the base end side of the tilt cylinder 12 is pivoted on tiie 
structural body 16 A, and a pivot position Z of tiie tilt cylinder 12 on the structural body 
16A is set to a position at which an attachment angle of the bucket 20 is not displaced 
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between a ground position and a top position when the boom 10 is lifted, and in this 
embodiment the pivot position Z is set a littie below of a pivot position S of the boom 10 
on the structural body 16A. Thus, the angle characteristics of tiie bucket 20 in a 
horizontal state or tilted state at the groxmd position is improved. 
[0044] 

On the other hand, in the wheel loader as described above, an angle formed by a 
first line segment LI connecting a pivot position Y on tiie boom 1 0 and a pivot position X 
on the connecting link 13 and a second line segment L2 connecting a pivot position W on 
the tilt cylinder 12 and the pivot position Y is set in a range firom 0 degree to 1 80 degrees 
on the bucket 20 side. With this feature, in the cases where the bucket 20 is set 
horizontal at the groimd position and where the bucket 20 is tilted at the ground position 
(Fig. 4), displacement of the attachment angle of the bucket 20 fi-om the ground position to 
the top position becomes smaller, thus also in this point, the angle characteristics is 
improved, 

[0045] 

The above-described features, i.e., that the pivot position Z of the tilt cylinder 12 
on the structural body 16A is placed below the pivot position S of the boom 10 on the 
structural body 16A; and that the second line segment L2 of the bell crank 1 1 is inclined 
toward the attachment 20 side relative to the first line segment LI, will be explained with 
reference to Fig, 5 (lower right). At first, the relation of an upper rotation angle of the 
bell crank (a rotation angle of the second line segment L2 of the bell crank 11) when the 
bucket 20 is horizontal at the ground position with a length of the tilt cylinder is expressed 
as a point TO. Similarly when the bucket 20 is at the ground position, the relation of a 
lower rotation angle of the bell crank (a rotation angle of the first line segment LI of the 
bell crank 1 1) with a rotation angle of a line segment PQ (described below) is expressed as 
a point Tl above the point TO, and an attachment angle against G. L. when the bucket 20 
is at the ground position is expressed as a point T2 to which the point Tl is moved (toward 
the left side), namely 0 (zero) degree. 

When the bucket 20 is lifted to the top position without changing the length of the 
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tilt cylinder 12, the upper rotation angle of the bell crank is reduced to a point T3, while 
the lower rotation angle of the bell crank is reduced to a point T4. In this case, the 
attachment angle against G. L. of the bucket 20 is 0 degree which is equal to the ground 
position as expressed as a point TS with no displacement of the attachment angle, where 
5 the angle characteristics is appropriate. 
[0046] 

Incidentally, the "rotation angle of the line segment PQ'' refers to a rotation angle 
of a line segment connecting a pivot position P of the bucket 20 on the boom 10 (Fig. 16) 
and a pivot position Q of the bucket 20 on the connecting link 13 (Fig. 16), and when 

10 assuming the line segment PQ is 0 degree with Ae boom 10 positioned at the top position 
and the bucket 20 positioned in the most dumping side, the rotation angle of the line 
segment PQ is a relative angle when the line segment PQ is rotated around the pivot 
position P. The upper rotation angle and the lower rotation angle of the bell crank as 
described above also express relative angles when the line segments are rotated around the 

1 5 pivot position Y when assuming die position in the same bucket posture is 6 degree. The 
same interpretation is made when using a fork 30 in replacement of the bucket 20. 
[0047] 

Next, the relation between the upper rotation angle of the bell crank and the tilt 
cylinder length when the bucket 20 is tilted at the ground position is expressed as a point 
20 NO. Namely, the upper rotation angle of the bell crank becomes larger by the tilted value 
as the tilt cylinder length becomes longer, so that the point NO is displaced in the 
right-upward direction compared with the point TO. 

Similarly, when the bucket 20 is at the ground position, the relation between the 
lower rotation angle of the bell crank and the rotation angle of the line segment PQ is 
25 expressed as a point Nl above the point NO, and further the attachment angle against G. L. 
with the bucket 20 being at the ground position is expressed as a point N2 to which the 
point Nl is moved (toward the left side), namely +25 degrees. This means that the 
bucket 20 is tilted by 25 degrees upward at the grand position. 

Next, when the bucket 20 is lifted to the top position without changing the length 
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of the tilt cylinder 12, the upper rotation angle of the bell crank reduces to a point N3, 
while the lower rotation angle of the bell crank is reduced to a point N4. In this case, the 
attachment angle against G. L. of the bucket 20 is +25 degrees which is equal to the 
ground position as expressed as a point N5, and the angle characteristics is appropriate 
5 because the tilted angle kept unchanged. 
[0048] 

The angle characteristics with the bucket 20 tilted at the ground position varies in 
accordance with an inclined angle of the bell crank 1 1 toward the bucket 20 side, namely 
an inclined angle of Ae line segment L2 against the line segment LI. It is to be noted 

10 that tiie inclined angle as referred herein indicates a degree of an inclination of the line 
segment L2 against the line segment LI, so that an angle formed by both of the line 
segments LI, L2 is calculated by a formula: 1 80 degrees — (inclined angle). 

In Fig. 6, the horizontal axis indicates the inclined angle of the bell crank 11 
toward the bucket 20 side, while the verdcal axis indicates the attachment angle of the 

15 bucket 20. For the inclined angle of the bell crank 1 1, the minus indicates an inclination 
toward the vehicle body 1 6 side, and the plus indicates an inclination toward the bucket 20 
side. As for the attachment angle, for instance, values at the intermediate position and 
the top position are indicated. This attachment angle is an angle relative to the ground 
level, where the minus indicates a displacemerlt toward the dumping direction, while the 

20 plus indicates a displacement toward the tilting direction. From the figure, an inclined 
angle actually applicable to the bucket 20 in the tilted posture can be known. Tilted 
postures of the first embodiment shown in Fig. 9, for instance, are a case where the 
inclined angle in Fig. 6 is 10 degrees (170 degrees as an angle formed by the line segment 
LI and the line segment L2). 

25 [0049] 

From Fig. 6, when the line segment L2 on the bell crank 1 1 is inclined toward the 
vehicle body 16 side (for instance, -24 degrees in the horizontal axis), the attachment 
angle of the bucket 20 is close to 0 degree at the middle position with litde displacement, 
however, the attachment angle is over +15 degrees and largely displaced toward the tilted 
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direction at the top position. Therefore, when the bucket 20 is tilted for performing 
scooping work of mud or the like, the mud or the like may be spilt to the vehicle body 1 6 
side as the bucket 20 comes closer to the top position. 

In order to overcome such disadvantage, it is desirable to set the inclined angle of 
5 the second line segment L2 on the bell crank 1 1 toward the bucket 20 side to 10 degrees or 
more (although it depends on the work type). This means that the angle between the first 
line segment LI and the second line segment L2 is set to 170 degrees or less. 

[0050] 

Namely, with the inclined angle of 10 degrees, displacement amount toward the 
10 minus side at the middle position of the bucket 20 and displacement amount toward the 
plus side at the top position thereof are equal (in the present embodiment, approximately 
±6 degrees), and the absolute values of the attachment angles for the horizontal posture 
are equal to each other, so that the bucket is not largely displaced toward the dumping 
direction or the vehicle body 16 side, which is preferable for the scooping mud or the like 
1 S having fluidity (see the most right section of Fig. 9). 

With the inclined angle of 10 degrees or more, the displacement from the middle 
position to the top position becomes gradually smaller and the displacement toward the 
tilting direction at the top position is also reduced, so that the mud or the like is more 
hardly spilt at least on the vehicle side (the operator side) relative to the position at which 
20 the displacements are equal, >^ch is suitable for the scooping work or the like. 
[0051] 

With the inclined angle of 35 degrees, the attachment angle is 0 degree at the top 
position, but when the angle is over 35 degrees, the attachment angle is displaced toward 
the damping direction, therefore the inclined angle of 35 degrees or less is desirable for 
25 pNerforming work in v^ich the displacement toward the dumping direction at the top 
position is not allowable. 

Further, with the inclined angle of over 35 degrees, although the attachment angle 
is displaced toward the damping direction both at the intermediate position and the top 
position, the displacement amount between the intermediate position and the top position 
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becomes small, so that the angle of 35 degrees or more may be employed for performing 
the scooping work or the like while reducing the displace amoxmt. 
[0052] 

Further, a maximum inclined angle varies depending on setting of each pivot 
5 position X, Y, Z, the length of the bell crank 1 1 or the like. On the other hand, as shown 
in Figs. 7 and 8, it is preferable to set an angle formed by a line L3 connecting pivot 
positions W, Z and a line L2 coimecting the pivot positions W, Y when seen from the side 
in the range where about 15 degrees or more is assured. When the angle formed by the 
lines L2, L3 is less than 15 degrees, as the lines L2 and L3 become close to each other into 
10 the overlapping direction when seen from the side, the tilt cylinder 12 may become 
unfunctional where the bucket 20 may not be kept horizontal on the grovmd or the tilted 
posture of the bucket 20 may not be recovered. 

The maximum inclmed angle capable of keeping the bucket 20 horizontal is, for 
instance, approximately 99 (99.3) degrees in the case as shown in Fig 7. The maximum 
15 inclined angle capable of recovering the tilted posture of the bucket 20 is, for instance, 
approximately 87 (87.2) degrees in the case as shown in Fig. 8 with the tilted angle of 42 
degrees relative to the ground. 

It is desirable that the inclined angle is set in the range where the angle 
characteristics and the tilting force characteristics can be properly kept with some surplus, 
20 i.e. the inclined angle is approximately 80 (79.5) degrees in the embodiment. 
[0053] 

According to the present invention, the effects described below can be obtained. 
(1) In the wheel loader 1, the base end of the tilt cylinder 12 is not attached to the 
boom 10 but is pivoted on the structural body 16 A, and in the bell crank 11, the line 
25 segment L2 is inclmed toward the bucket 20 side relative to the line segment LI and the 
angle between the line segment LI and the line segment L2 is set in the range from 0 
degree to 180 degrees, therefore the displacement of the attachment angle of the bucket 20 
can be reduced from the ground position to the top position in both cases of attaching the 
bucket 20 at the ground position without tilting or by tilting , and the angle characteristics 
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can be considerably increased compared with that in the configuration using the 
conventional Z-bar link (Fig. 35, Fig, 36) or the configurations disclosed in Patent 
documents 1, 2 (Fig. 37, Fig. 38), so that hot only the conventional digging work but also 
the scooping work of mud or the like can be appropriately performed. 
5 [0054] 

Specific comparison is shown in Fig. 9. It is to be noted that in Fig. 9, reference 
numerals to each component are omitted. From the figure, it is understood that, in the 
cases where the bucket 20 is positioned horizontally on the ground and where the bucket 
20 is tilted on the ground, the angle characteristics fix)m the structural groimd position to 

10 the top position of the configuration of the embodiment is the most excellent compared 
with that in the typical configuration based on the conventional technology or the 
configurations according to Patent documents 1,2. 

Namely, in the typical configuration based on the conventional technology, the 
angle characteristics when using the bucket 20 not tilted is not so bad, however, the 

15 attachment angle at die top position when the bucket 20 is tilted on the ground is largely 
displaced toward the tilting direction, which is disadvantageotis. 

In Patent document 1 , the angle characteristics when the bucket 20 is not tihed on 
the ground is excellent, however, the attachment angle when the bucket 20 is tilted is 
largely displaced especially at the top position, which is also disadvantageous. In Patent 

20 document 2, since the pivot position Z is disposed on the boom 10, the angle 
characteristics is bad regardless that the bucket 20 is tilted or not. 

Meanwhile, in the embodiment, the tilt cylinder 12 is pivoted on the structural 
body 16A; the pivot position Z is disposed below the pivot position S of the boom 10 on 
the structural body 16A; and the second line segment L2 of the bell crank is inclined 

25 toward the attachment 20 side relative to the first line segment LI , so that when the bucket 
20 is not tilted, the excellent angle characteristics can be obtained like in Patent document 
1, and even when the bucket 20 is tilted, only a little displacement occurs at the 
intemiediate position and at the top position, and the bucket 20 can be hfted up to the top 
position, while keeping substantially same tilted posture, which shows the excellent angle 
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characteristics. 
[0055] 

(2) When the bucket 20 is tilted and used at the ground position, since the inclined 
angle of the bell crank 1 1 toward the bucket 20 side is set to a value such that, for instance, 
5 the displacement amount toward the dumping direction of the bucket 20 at the 
intermediate position and the displacement toward the tilting direction of the bucket 20 at 
the top position are equal, and large displacement toward the dumping direction or toward 
the tilting direction does not occur, so that the scooping work can be performed more 
appropriately. Further, when the inclined angle is set larger than that described above, 
10 the displacement between any two positions (for instance, the intemiediate position and 
the top position) becomes gradually smaller and the displacement toward the tilting 
_ _ ^direction js also reduced, _so that the mud or the like.is more hardly .spilt at least on the 
vehicle body 16 side (i.e. the operator side) relative to the position at which the 
displacements are equivalent, thereby Hhe scooping work or the like can be adequately 
15 performed. 

[0056] 
[Second Embodiment] 

Fig. 10 shows, as a second embodiment of the present invention, a wheel loader 2 
with a fork 30 (a fork or the like) attached thereto in replacement of the bucket 20 of the 
20 first embodiment. Other configurations are substantially same as those of the first 
embodiment. 

In the wheel loader 2, the fork 30 is attached to the substantially same position as 
the position of the bucket 20 of the first embodiment, and therefore displacement of an 
attachment angle of the fork 30 horizontally attached at the ground position does not occur 
25 up to the top position like the bucket 20 of the first embodiment, where excellent angle 
characteristics is kept. 

Further, in the wheel loader 2, since the line segment L2 is inclined toward the 
fork 30 side relative to the line segment LI of the bell crank 1 1 , the tilting force at the top 
position becomes larger compared with the case of the wheel loader disclosed in Patent 
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document 3, and thereby the tilting force characteristics is also improved. 
[0057] 

The improvement of the tilting force vsdll be described below with reference to 
Figs. 11 and 12. Fig. 1 1 shows a state where the angle between the line segment LI and 
5 the line segment L2 of the bell crank 11 is tilted toward tiie fork 30 side from the 
conventional angle (Patent document 3 is assumed) by 45 and 90 degrees (refer to the 
chain double-dashed lines). Al, A2, and A3 herein indicate an effective length at the 
upper portion of the bell crank 11 at the ground position at the conventional angle, 45 
degrees, and 90 degrees respectively, and Bl, B2, B3 indicate each effective length at the 
10 top position respectively. 

Fig. 12 shows the relation between an angle between the line segment LI and the 
line segment L2 of the bell crank 1 1 (horizontal axis) and effective lengths A, B (left 
vertical axis), and the relation between the angle between the line segment LI and the line 
segment L2 of the bell , crank 11 (horizontal axis) and a ratio of the effective lengths B/A 
15 (right vertical axis). 

The ratio of the effective lengths B/A herein indicates (rotating force of the bell 
crank 1 1 at the top position/rotating force of the bell crank 11 at the groxmd position), 
where the larger a value is, the larger the tilting force at the top position is. 

[0058] 

20 Therefore, according to Figs. . 11 and 12, the more the line segment L2 is tilted 

toward the fork 30 relative to the line segment LI of the bell crank 11, the more the 
effective lengths A and B become ishort, but the ratio of the effective lengths B/A 
increases due to large reduction of the effective length A, thus the tilting force at the top 
position increases, improving the tilting force characteristics. 

25 [0059] 

According to this embodiment, the following effects described above can be 
obtained. 

(3) In the wheel loader 2, since the line segment L2 is tilted toward the fork 30 side 
relative to the line segment LI of the bell crank 11, namely the angle between the line 



26 

segment LI and the line segment L2 is set in the range from 0 to 180 degrees on the fork 
side, the ratio of the effective lengths B/A at the upper portion of the bell crank 1 1 (tilted 
side) at the groiind position and at the top position can be increased. Therefore, in the 
technology described in Patent document 3 in which the bucket 20 is replaced with the 
5 fork 30 and the bell crank 1 1 of which the second line segment L2 is tilted toward the 
vehicle body 16 side is used, lifting/unloading work of cargos using the fork 30 is difficult, 
but in this embodiment, because the tilting force characteristics is improved by increasing 
the tilting force especially at the top position, tilting force characteristics suitable for use 
of the fork can be obtained and the lifting/unloading work of cargos can be easily and 
10 properly performed. 

[0060] 

(4) In addition, since the pivot position Z of the base end side of the tilt cylinder 12 is 
disposed not on the boom 10 but on the structural body 16A, the pivot position Z can be 
set to a position at which displacement of the attachment angle of the fork 30 can be more 
.15 reduced, and the angle characteristics is also improved to provide the angle characteristics 
suitable for the fork 30. 

[0061] 
[Third Embodiment] 

Fig. 13 shows a wheel loader 3 according to a third embodiment of the present 
20 invention. Fig. 14 is a view in which a bucket (attachment) 20 of two prepared 
attachments is used, and Fig. 15 is a view in which a fork (attachment) 30 is used. Either 
the bucket 20 or the fork 30 may be attached for dedicated work, or may be selectively 
used depending on the work. 

[0062] 

25 In this embodiment, as shown in Figs. 14, 15 and 16, a pivot position Q of the 

bucket 20 on the connecting link 13 and a pivot position Q of the fork 30 on the 
cormecting link 13 are set at different positions in relation to the pivot position P on the 
boom 10. The pivot position Q of the fork 30 is set at an offset position where the tilt 
cylinder 12 is somewhat advanced compared with the case of the bucket 20. Thus, the 
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tilting force when using the fork 30 is further improved than the second embodiment. 
[0063] . 

This feature will be described with reference to Figs. 16, 17 and 18. Fig. 16 
shows states where the pivot position Q of the fork 30 of the connecting link 13 is offset 
5 by 20 degrees or 40 degrees compared with the case of the bucket 20 (Ql, Q2, Q3). 
However, since the offset angles are equivalent to the positions of the bucket 20 tilted by 
20 degrees and 40 degrees. Fig. 16 also shows the tilted state of the bucket 20 in chain 
double-dashed lines. 

[0064] 

10 In Fig. 17, CGI to CG3, DGl to DG3, and.EGl to EG3 respectively indicate 

effective lengths of the upper portion of the bell crank 11, efifective lengths of the lower 
portion of the bell crank 1 1, and effective lengths of the distance jfrom the pivot position P 
on the boom 10 to the pivot positions Ql to Q3 (Fig. 16) for the pivot positions Ql to Q3 
at the ground position. Also, CTl to CT3, DTI to DT3, and ETl to ET3 indicate such 

1 S effective lengths at the top position respectively. 
[0065] 

Fig. 18 shows the relations between the offset angle (horizontal axis) and the 
effective lengths CG, DG, EG, CT, DT, and ET Geft vertical axis), and the relations 
between the o£Gset angle (horizontal axis) and ratios of the tilting forces 
20 (CT*ET/DT)/(CG*EG/DG) (right vertical axis). Here, the ratio of the effective lengths 
(CT*ET/DT)/(CG*EG/DG) indicates (tilting force at the top position/tilting force at the 
ground position), where the larger the value is, die larger the tilting force at the top 
position becomes, thereby improving the tilting force characteristics. 

[0066] 

25 According to Figs. 17 and 18, even if the offset angle is increased, the effective 

lengths CG, DG, CT, and DT do not significantly change, but the effective length EG 
obviously decreases and the effective length ET increases. Thus, the mtio of the 
effective lengths (CT*ET/DT)/(CG*EG/DG) increases as the offset angle is set to a larger 
value, and the tilting force at the top position also increases, improving the tilting force 
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characteristics. 
[0067] 

On the other hand, basically, the angle characteristics in a case of attaching the 
bucket 20 is substantially the same as the angle characteristics in the first embodiment, 
5 namely the characteristics shown by the points TO to T5 in Fig. 5. Also, since attaching 
the fork 30 at the offset position is equivalent to tilting the bucket 20 on the ground in the 
&st embodiment, the angle characteristics thereof is basically indicated by the points MO 
to M5 plotted on the points NO to N5 in Fig. 5. As a result, in both cases of using the 
bucket 20 and the fork 30, the difference in each angle characteristics from the ground 
10 position to the top position decreases, improving the angle characteristics. . 
[0068] 

According to this embodiment, the following effects described above can be 
obtained. 

(S) In the wheel loader 3, in a case where the fork 30 is attached in replacement of 
15 the bucket 20, since the bell crank 11 is offset by being rotated and moved in the tilting 
direction and the fork 30 is attached in this state, the tilting force at the top position can be 
significantly improved compared with the case where the bucket 20 is attached without 
being offset, so that more sxiitable tilting force characteristics for the fork 30 can be 
obtained. Further, as described in the second embodiment, improvement of the tilting 
20 force can be obtained by tilting the second line segment L2 on the bell crank 1 1 toward the 
fork 30 side. 

Hence, by attaching the fork 30 at the offset position, even greater tilting force 
can be obtained at the top position compared with the technology in the patent document 3 
in which the bucket 20 is used in replacement of the fork 30. 
25 Furtheimore, as shown in Fig. 1 9, the tilting force characteristics is not inferior to 

the case of the conventional parallel link which is generally used for the fork 30, so that 
lifting/unloading work of cargos or the like can be properly performed like the wheel 
loader eqtiipped with the conventional parallel link. 
[0069] 
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(6) In a case where the bucket 20 is attached, since the tilting force characteristics is 
improved because the line segment L2 is tilted toward the bucket 20 side relative to the 
line segment LI of the bell crank 1 1 and the angle between the line segment LI and the 
line segment L2 is set in the range from 0 to 180 degrees on the bucket 20 side, and when 

5 compared with the conventional configuration using the conventional Z-bar link and the 
bucket 20 (Figs. 35, 36), while keeping the tilting force characteristics at the ground 
position, the tilting force characteristics at an even higher position can be significantly 
improved as shown in Fig. 19, where digging work using the bucket 20 at a higher 
position than usual can be smoothly performed. 
10 [0070] 

(7) Furthermore, when the bucket 20 is used in the configuration same as the first 
embodiment (i.e. the configuration in which the tilt cylinder 12 is pivoted on the structural 
body 16A of the vehicle body 16, the pivot position Z is disposed below the pivot position 
S of the boom 10 on the structural body 16 A, and the second line segment L2 of the bell 

IS crank is tilted toward the attachment 20 side relative to the first line segment LI), the 
angle characteristics is excellent and the angle characteristics can be considerably 
improved as shown in Fig. 20 compared with the case of the conventionally typical Z-bar 
link. 

On the other hand, also when the fork 30 is used, since the second line segment 
20 L2 on the bell crank 1 1 is tilted toward the fork 30 side, attaching the fork 30 at the offset 
position at the groimd position is, as described in the first embodiment, equivalent to 
attaching the bucket 20 in the tilted posture, and differences between each angle 
characteristics can be reduced as shown in Fig. 20 compared with the case of attaching the 
bucket 20, so that the angle characteristics equivalent to the case using the conventional 
25 parallel link can be obtained. 

Therefore, the angle characteristics can be excellent in both cases where the 
bucket 20 is used and the fork 30 is used, and especially in the case of attaching the bucket 
20, badly-dumping at the top position can be effectively prevented unlike the technology 
described in Patent document 3 . 
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[0071] 

The angle characteristics when the fork 30 is replaced with the bucket 20 in 
Patent document 3 will be described below more concretely with reference to Fig. S 
(lower left). At first, the relation between the upper rotation angle of the bell crank and the 
S length of the tilt cylinder when the fork 30 is attached at the groimd position is expressed 
as a point VO. 

On the other hand, when the bucket 20 is attached at the ground position, since 
the upper rotation angle of the bell crank is reduced by the offset amount of the angle 
alpha (Fig. 39), the relation with the length of the tilt cylinder is expressed as a point UO. 

10 Similarly, when the bucket is at the ground position, the relation between the lower 
rotation angle of the bell crank and the line segment PQ is expressed as a point VI above 
the point VO in the case of attaching the fork 30, and is expressed as a point Ul above the 
point UO in the case of attaching the bucket 20. Further, the attachment angle against G. 
L. (groimd level) when the bucket is on the ground is respectively expressed as points V2, 

15 U2 where the points VI, Ul are moved toward the left side, each of which is 0 degree. 
[0072] 

Next, when" the fork 30 and bucket 20 are lifted to the top position without 
changing the length of the tilt cylinder, the upper rotation angle of the bell crank is 
reduced from the points VO, UO to the points V3, U3 respectively, as well as the lower 

20 rotation angle of the bell crank is reduced to the points V4, U4. The attachment angle 
against G. L. of the fork 30 in this state is, as expressed as a point V5 for the fork 30, 0 
degree without changing fi*om the ground position, while the attachment angle against G. 
L. of the bucket 20, as expressed as a point U5 for the bucket 20, is displaced by about -40 
degrees, causing tilting significantly toward the dumping direction as shown in Fig. 39, 

25 where the angle characteristics is poor. 
[0073] 

However, in the embodiment, the angle characteristics can be improved in both 
cases of using the bucket 20 (points TO to T5 in Fig. 5) and using the fork 30 (points MO 
to M5 in Fig. 5) to effectively prevent the bucket 20 fiom significantly dumping at the top 
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position. 

[0074] 

As described above, because an excellent characteristic of the Z-bar link and the 
parallel link can be obtained while using the Z-bar link, and an attachment such as the 
5 bucket 20 and the fork 30 can be appropriately selected for use, therefore only one wheel 
loader 3 is enough, which is more economical compared with the conventional case using 
two wheel loaders depending on the work type. 

[0075] 

(8) Also in this embodiment, since the pivot position Z of the tilt cylinder 12 on the 
1 0 bottom side (vehicle body side) is disposed not on the boom 10 but on the structural body 

16A, the pivot position Z can be appropriately set at a position where the displacement of 
the attachment angle of the bucket 20 or the foric 30 can be more reduced, and the angle 
characteristics can be also improved, so that the angle characteristics suitable for both the 
bucket 20 and the fork 30 can be obtained. Also, since the pivot position Z can be set 

15 with more flexibility, the best angle characteristics can be obtained corresponding to the 
required work by the setting of the pivot position Z. For instance, in this embodiment, 
the pivot position Z is set to have the angle characteristics shown in Fig. 20, but in such a 
case where the angle characteristics more close to the conventional parallel link shown in 
Fig. 20 is required, the pivot position Z can be easily set at the position where the required 

20 angle characteristics can be obtained, while the angle characteristics close to that of the 
parallel link can be easily obtained as shown in Fig. 21 . 
[0076] 

(9) Conventionally, in the wheel loader using the parallel link, tiiere has been a case 
where simple digging work is desired by attaching the bucket to the parallel link, and an 

25 attachment for the putpose has been provided. In such case, the tilting force on the 
ground is smaller than that of the Z-bar link, so that not only working efficiency of the 
digging work is degraded but also another problem occurs in loading operation onto a 
vehicle at the top position. 

As shown in Fig. 22, because of the mechanical characteristics of the Z-bar link. 
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when dumping at the top position, the dump speed is fast in a large range of the angle, 
thereby the loading can be speedy performed, while because the relative angle between the 
first line segment LI on the bell crank 1 1 and the connecting link 13 opens nearly to 180 
degrees at around the maximum dumping, thereby the dump speed slows down, so that the 
5 shock at stroke end of a cylinder can be reduced without operating the cylinder. This 
effect is referred to as soft dump characteristics. 

With the parallel link, overall the dimip speed is slow. However, around the 
cylinder stroke end, the dump speed is sharply increased, producing a large shock, so that 
an operator is required to operate the cylinder speed to prevent load on the tilt cylinder or 
10 the like. 

Regarding this problem, the Z-bar link is used as the basic conjBguration of the 
embodiment, where the soft dmnp characteristics is secured, not imposing a burden to the 
operator. 

Thus, this embodiment can provide better performance in any terms of the 
15 digging ability on the ground, speed in loading work at the top, and the soft damp 
characteristic compared with those in the conventional method of attaching the bucket to 
the parallel link. 
[0077] 

(10) In a case of using the fork 30 as an attachment, there is a problem that the tilt 
20 cylmder 12 needs to be large in size to obtain sufficient tilting force when attaching the 
fork 30 to die conventional parallel link. As shown in Fig. 40, with the parallel link, the 
tilting force of the fork 30 is generated by flowing hydraxalic oil to the head side (bell 
crank 1 1 side) of the tilt cylinder 12 and pulling a cylinder rod 1 8, but in order to obtain 
the sufficient tilting force, it is necessary to secure a pressure accepting area with 
25 consideration of a cross-sectional area of the cylinder rod 18, thus the cylinder requires a 
larger diameter, resulting in a larger size. 

On tiie other hand, in the wheel loader 2, the Z-bar link is used in the 
configuration, where the cylinder force and tilting force are generated by flowing the 
hydraulic oil or the like to the bottom side (vehicle body 16 side) of the tilt cylmder 12 
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and biasing in the direction of pressing the cylinder rod 18, so that, unlike the 
conventional jparallel link (Fig. 40), the sufficient tilting force can be obtained by setting 
the pressure accepting area witiiout consideration of the cross-sectional area of the 
cylinder rod 18. Therefore, the tilt cylinder 12 may be smaller in diameter compared 
with that in the case of the parallel link. 
[0078] 

[Forth Embodiment] 

Figs. 23 and 24 show an operation device of a wheel loader 4 according to a forth 
embodiment of the present invention. Fig. 23 illustrates a state where the bucket 20 is 
equipped as an attachment, while Fig. 24 illustrates a state where the fork 30 is equipped 
as an attachment 

The wheel loader 4 according to the embodiment is characterized in that an angle 
between the &st line segment LI connecting a pivot position Y on the boom 10 and a 
pivot position X on the connecting link 13, and the second line segment L2 connecting the 
pivot position Y on the boom 10 and a pivot position W on the tilt cylinder (not shown) of 
the bell crank 1 1 is set to 180 degrees (i.e. the tilted angle is 0 degree). 

[0079] 

Fig. 25 shows lifting heights of the wheel loader 4 and postures of the bucket 20 
and the fork 30 against the horizontal plane at each heigjit (indicated by the angle). 
Incidentally, the lifting heights in the ascending order of Figs. 23 and 24 are shown in Fig. 
25 as the lifting heights A, B and C respectively. 

As seen from Fig. 25, in the wheel loader 4 according to the embodiment, it is 
und^stood that the postures of the bucket 20 and the fork 30 do not significantly change 
depending on the lifting height, as described above. 

[0080] 

The tilting force characteristics are like those shown m Fig. 26, and in any case of 
using the bucket 20 or the fork 30, the tilting force characteristics allows no less than 
4,000 kg tilting force even at the maximum lifting height of 3500 mm, ensuring that the 
lifting/imloadmg work of cargos can be appropriately performed by the fork 30 and 
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working efficiency in the digging work by the bucket 20 at a low position is not reduced. 

Such a shape shown of the bell crank 1 1 is prefeired when the pivot position Q of 
the fork 30 is set at an ofTset angle no less than 37 degrees relative to the pivot position Q 
. ofthe bucket 20. 
5 [0081] 

[Fifth Embodiment] 

Figs. 27 and 28 show a work implement of a wheel loader S according to a fifth 
embodiment of the present invention. Fig. 27 illustrates a state where the bucket 20 is 
equipped as an attachment, while Fig. 28 illustrates a state where the fork 30 is equipped 
10 as an attachment. 

The wheel loader 5 according to the embodiment is characterized in that an angle 
between the first line segment LI coimecting the pivot position Y on the boom 10 and the 
pivot position X on the connecting link, and the second line segment L2 connecting the 
pivot position Y on the boom 10 and the pivot position W on the tilt cylinder (not shown) 
IS ofthe bell crank 1 1 is set to 175 degrees (i.e. the tilted angle is 5 degrees). 

[0082] 

Fig. 29 shows lifting heights of the wheel loader 5 and postures of the bucket 20 
and the fork 30 against the horizontal plane at each height (indicated by the angle). 
Incidentally, the lifting heights in the ascending order of Figs. 27 and 28 are shown in Fig. 
20 29 as the lifting heights of A, B and C respectively. 

As seen from Fig. 29, in the wheel loader 5 according to the embodiment, it is 
understood that the postures of the bucket 20 and the fork 30 do not significantiy change 
depending on the lifting height, and compared with the case of the wheel loader 4 of the 
forth embodiment, the posture at the position C using the fork 3 is further improved from 
25 10 degrees ofthe wheel load^ 4 to 9 degrees with the wheel loader S. 

[0083] 

Furtherinore, as shown in Fig. 30, the tilting force characteristics of the wheel 
loader 5 is substantially same as that of the wheel loader 4 of the forth embodiment, 
ensuring that the lifting/unloading work of cargos can be appropriately performed by the 
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fork 30 and working efficiency in the digging work by the bucket 20 at a low position is 
not reduced. 

Such a shape shown of the bell crank 1 1 is preferred when the pivot position Q of 
the fork 30 is set at an offset angle no less than 37 degrees relative to the pivot position Q 
5 of the bucket 20. 

[0084] 

[Variants of Embodiments] 

The scope of the invention is not limited to the above-described embodiments but 
includes various variations and improvements in the design as long as an object of the 
10 present invention can be achieved. 

For instance, the bell crank 1 1 disclosed in each of the embodiments generally 
has a dogleg-shape, but may have, for instance, a T-shape as shown in Figs. 7, 8 according 
to the first embodiment and Fig. 3 1 (first variant), where the strength can be larger and the 
tilted angle can be set larger than the dogleg-shape. Namely, the shape of the bell crank 
15 11 may be arbitrarily selected with consideration of the tilted angle, strength or the like. 
[0085] 

In the third embodiment, the bucket 20 and the fork 30 are described as different " 
attachments, but a net-like skeleton bucket (one of buckets or the like) may be used 
instead of the normal bucket 20, or a log/lumber grapple (one of forks or the like) may be 
20 used instead of the normal fork 30. Fig. 32 (second variant) shows the log/lumber 
grapple 40. The log/lumber grapple 40 includes a fork section 41 that is placed flat on 
the ground and a grapple 42 pivoted at the top end of a vertical portion of the fork section 
41, in which the grapple 42 is driven (rotated and moved) by a hydraulic grapple cylinder 
43. 

25 The log/lumber grapple 40 is suitable for grabbing and carrying wood 44 such as 

raw wood. Naturally, the bucket or the like used in claim 1 of the present invention is 
not limited to the bucket 20 described in the first embodiment, and the fork or the like 
used in claims 2 and 3 is not limited to the fork 30 described in the second embodiment, 
but the skeleton bucket, log/lumber grapple 40 or the like may be used. 
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[0086] 

In each of the embodiments, the tilt cylinder 12 is pivoted on the vehicle body 1 6, 
but, as shown in Fig. 33 (third variant) and Fig. 34 (forth variant), the cases where the tilt 
cylinder 12 is pivoted on the base end side of the boom 10 may be included in the 
5 invention of claims 2 or 4. 

Namely, in Fig. 33, the bell crank 1 1 is tilted toward the fork 30 side and the tilt 
cylinder 12 is pivoted on the boom 10. Furthermore, in Fig. 34, the pivot position Q of 
the fork 30 is disposed on the connecting link 13 in the offset state from the pivot position 
Q of the bucket 20 when.the bucket 20 is horizontally pivoted. In such configurations, 
10 although the angle characteristics is not good, the tilting force characteristics can be 
sufficiently improved by using the bell crank 1 1 tilted toward the fork 30 side or by 
offsetting the fork 30. 

[0087] 

In each of the embodiments, as shown in Fig. 2, the two booms 10 are pivoted on 
IS the structural body 16 A and the bell crank 1 1 is disposed| therebetween, bxit the present 
invention is not limited to this configuration. Namely, the present invention may be 
employed for a wheel loader having one box-like boom pivoted on the stmctural body 
16A supporting the work implement and the bell crank pivoted at a middle position on an 
outer side face. In this case, the number of the bell crank is not limited to one but the 
20 bell cranks may be pivoted on both outer side faces, and further the tilt cylinder for driving 
the bell crank may be provided according to the number of the bell cranks. 
[0088] 

The most preferable configuration for practicing the present invention or the like 
have been disclosed above, however, the present invention is not limited tiiereto. 
25 Namely, while particular embodiments of the present invention have been shown and 
described, changes and modifications may be made therein (e.g. in shape or other 
configuration details) by those skilled in the art without departing from scope of the 
invention. 

Thus, the descriptions with some limitation in shape or the like are intended to be 
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examples to help easy understanding of the present invention and is not to linxit, in any 
way, the scope die present invention, and therefore, it is to be understood that any 
description of components in names without a part or all of limitations in shape or the like 
is included in the scoop of the present invention. 
[INDUSTRIAL APPLICABILITY] 
[0089] 

A working machine according to the present invention may be used not only as a wheel 
loader but also as any kind of construction machines, civil engineering machineries or the 
like without any limitation to self-traveling and stationary types. 



